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Abstract²&RVW KDV DOZD\V EHHQ WKH OHDGLQJ FRQFHUQ LQ JUHHQ
EXLOGLQJ GHYHORSPHQW 7KH SHUFHSWLRQ WKDW FRQVWUXFWLRQ FRVW IRU
JUHHQEXLOGLQJ LVKLJKHU WKDQFRQYHQWLRQDOEXLOGLQJVKDVRQO\PDGH
WKH GLVFXVVLRQ RI JUHHQ EXLOGLQJ FRVWPRUH GLIILFXOW8QGHUVWDQGLQJ
WKH IDFWRUV WKDW ZLOO LQIOXHQFH WKH FRVW RI JUHHQ FRQVWUXFWLRQ LV
H[SHFWHGWRVKHGOLJKWLQWRZKDWPDNHVJUHHQFRQVWUXFWLRQPRUHRUDW
SDU ZLWK FRQYHQWLRQDO SURMHFWV RU SHUKDSV ZKHUH FRVW FDQ EH
RSWLPLVHG7KLVSDSHU LGHQWLILHV WKHHOHPHQWVRIFRVWEHIRUHVKLIWLQJ
WKH DWWHQWLRQ WR WKH LQIOXHQFLQJ IDFWRUV )LQGLQJV IURP SDVW VWXGLHV
XQFRYHUHGYDULRXVIDFWRUVUHODWHGWRFRVWZKLFKDUHJURXSHGLQWRILYH
IRFDO WKHPHV LH DZDUHQHVV NQRZOHGJH ILQDQFLDO WHFKQLFDO DQG
JRYHUQPHQWVXSSRUW$FRQFHSWXDOIUDPHZRUNLVSURGXFHGLQDIRUP
RI D IORZHUGLDJUDP LQGLFDWLQJ WKHFRVW LQIOXHQFLQJ IDFWRUVRIJUHHQ
EXLOGLQJGHYHORSPHQW7KHVHIDFWRUVZHUHIRXQGWREHERWKSK\VLFDO
DQG QRQSK\VLFDO DVSHFWV RI D SURMHFW 7KH IUDPHZRUN SURYLGHV
JURXQG IRU WKHQH[W VWDJHRI UHVHDUFK WKDW LV WR IXUWKHU H[SORUHKRZ
WKHVHIDFWRUVLQIOXHQFHWKHSURMHFWFRVWDQGGHFLVLRQPDNLQJ
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5((1FRQVWUXFWLRQSURMHFWVRIIHUYDULRXVEHQHILWVWRWKH
VWDNHKROGHUV VXFK DV FRVW VDYLQJ LQ WKH ORQJ UXQ
HQKDQFLQJ EXVLQHVV FRPSHWLWLYHQHVV VWUDWHJ\ SURWHFWLQJ WKH
HQYLURQPHQW SURGXFLQJ EHWWHU GHVLJQ ZKLFK FUHDWHV JRRG
LQGRRU DPELHQW DQG PDQ\ PRUH %XLOGLQJ µJUHHQ¶ FUHDWHV
KHDOWK\ FRPIRUWDEOH DQG HFRQRPLFDOO\SURVSHURXVSODFHV IRU
SHRSOH WR OLYH ZRUN DQG SOD\ ,W SURPRWHV WKH GHOLYHU\ RI
EXLOGLQJVDQGLQIUDVWUXFWXUHWKDWFRQWULEXWHVWRZDUGVUHGXFLQJ
WKH XVDJH RI UHVRXUFHV DQG HQHUJ\ PLQLPLVLQJ SROOXWLRQ
HQKDQFHVHFRQRPLFHIILFLHQF\DQGVRFLDOFRKHVLYHQHVV>@
7KH GHPDQG IRU JUHHQ EXLOGLQJV LV UDSLGO\ EHFRPLQJ WKH
PRVWVLJQLILFDQW WUHQGLQ WKHEXLOGLQJLQGXVWU\:KLOH(XURSH
DQG1RUWK$PHULFD FRQWLQXH WR OHDG LQJUHHQEXLOGLQJ WUHQG
FRXQWULHVIURPGHYHORSLQJQDWLRQVDUHDOVRGRLQJWKHLUSDUWLQ
SXUVXLQJ JUHHQ $V PDWXUH PDUNHW WKH JURZWK RI JUHHQ
EXLOGLQJLQ(XURSHDQG1RUWK$PHULFDDUHPRGHUDWHLQ
ZKLOH FRXQWULHV IURP GHYHORSLQJ PDUNHW LH $VLD 0(1$
0LGGOH (DVW1RUWK $IULFD UHJLRQ KDYH UHSRUWHG D PRUH
GUDPDWLFJURZWK LQ WKHSHUFHQWDJHRIJUHHQSURMHFW >@1LQH
$VLDQFRXQWULHVKDGDQDYHUDJHRIRIJUHHQVKDUHLQ WKH
EXLOGLQJLQGXVWU\>@

1D]LUDK =DLQXO $ELGLQ LV DQ DVVRFLDWH SURIHVVRU DW 6FKRRO RI +RXVLQJ
%XLOGLQJDQG3ODQQLQJ8QLYHUVLWL6DLQV0DOD\VLD3HQDQJ6KH LV WKH
FRUUHVSRQGLQJDXWKRUIRUWKLVSDSHUSKRQHID[
HPDLOQD]LUDKB]D#XVPP\XMLHB#\DKRRFRP
1XUXO=DKLUDK0RNKWDU$]L]LLVD3K'VWXGHQWDWWKH6FKRRORI+RXVLQJ
%XLOGLQJDQG3ODQQLQJ6FLHQFH8QLYHUVLW\RI0DOD\VLD
$OWKRXJK WKH WUHQG LV SUHVHQW WKH OHYHO RI JUHHQ EXLOGLQJ
DFWLYLW\ LQ PRVW GHYHORSLQJ FRXQWULHV DUH VWLOO EHORZ WKH
PDLQVWUHDP DQG DUH SUHGRPLQDQWO\ IRFXVHG RQ ODUJH
GHYHORSPHQWV >@ 2QH RI WKH PRVW FRPPRQO\ FLWHG JUHHQ
EXLOGLQJ EDUULHU LV WKH KLJK FRQVWUXFWLRQ FRVWV >@>@0DQ\
FRQVWUXFWLRQSOD\HUV VKDUH WKHFRPPRQSHUFHSWLRQ WKDWJUHHQ
FRQVWUXFWLRQ LQFXUVH[SHQVLYHDGGLWLRQDOFRVWV&KDQJLQJ WKLV
PLQGVHWZLOOQRWEHHDV\DVSV\FKRORJLFDOEDUULHU LVGLIILFXOW
WR RYHUFRPH7KHUH DUHPDQ\ VFKRODUVZKR VWDWHG WKDW JUHHQ
EXLOGLQJVFDQEHEXLOWZLWKOLWWOHRUQRDGGLWLRQDOFRVWVLIWKH\
DUHSODQQHGSURSHUO\$VFRVWVDUHWKHFULWLFDODVSHFWVLQJUHHQ
GHYHORSPHQW IRFXV RI SUHYLRXV VWXGLHV KDYH EHHQ RQ KDUG
FRVWV DQG SRWHQWLDO FRVW VDYLQJV LQ WKH ORQJ UXQ 6RIW FRVWV
ZKLFK DUH QHFHVVDU\ WRPDQDJH WKH ZKROH SURMHFW UHPDLQHG
HOXVLYHDQGWKHLULQIOXHQFHRQGHYHORSHUV¶FRXUVHRIDFWLRQDQG
GHFLVLRQUHPDLQHGXQFOHDU
$V FRVW LV D PDMRU URDGEORFN LQ WDNLQJ WKH OHDS LQ JUHHQ
FRQVWUXFWLRQLWLVSHUWLQHQWWRXQGHUVWDQGWKHFRVWHOHPHQWVLQ
JUHHQFRQVWUXFWLRQ WRFRXQWHUDQ\ LQDFFXUDWHSHUFHSWLRQRU WR
UHFRPPHQGZD\VWRUHGXFHWKHFRVWSUREOHPV7KHSDSHUZLOO
EHJLQ ZLWK GLVFXVVLQJ RQ WKH LVVXHV SHUWDLQLQJ FRVW LQ JUHHQ
SURMHFWV EHIRUH FULWLFDOO\ UHYLHZ WKH FRVW LQIOXHQFLQJ IDFWRUV
7KH IDFWRUVZLOOEHVXPPDUL]HG LQWR ILYH PDLQFDWHJRULHV
LH SHRSOH WHFKQLFDO WHFKQRORJ\ H[WHUQDO VXSSRUW DQG
VSHFLILF UHTXLUHPHQW 7KHVH IDFWRUV FRYHU ERWK SK\VLFDO DQG
QRQSK\VLFDO DVSHFWV RI D SURMHFW %\ LGHQWLI\LQJ WKH IDFWRUV
LQIOXHQFLQJ FRVW IRU JUHHQ SURMHFWV WKH QHJDWLYH SHUFHSWLRQ
DVVRFLDWLRQZLWKJUHHQSURMHFW FRVW FDQEH DOOHYLDWHG WKURXJK
LQWURGXFLQJ PLWLJDWLQJ DFWLRQ ZKLFK LV UHOHYDQW WR HDFK
LQIOXHQFLQJIDFWRUV
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A. Cost Issues in Green Projects 
,QYHVWRUVLQEXLOGLQJLQGXVWU\DUHDWWUDFWHGWRJUHHQFRQFHSW
GXHWRWKHSRWHQWLDORIJUHDWHUFRVWVDYLQJEHQHILWVDQGKLJKHU
LQYHVWPHQWUHWXUQV>@8QIRUWXQDWHO\WKHVHEHQHILWVFDQRQO\
EH UHDOL]HG RYHU D ORQJ SHULRG RI WLPH >@ $ VWXG\ LQ1HZ
=HDODQG VWDWHG WKDW WKH FRQFHUQ RQ FRVW HVFDODWLRQ KDV
SUHYHQWHG WKH LQFRUSRUDWLRQRIJUHHQ IHDWXUHV LQ FRQVWUXFWLRQ
GHYHORSPHQWV >@ 7KLV LV VXSSRUWHG E\ WKH VWXG\ LQ &KLQD
>@&DQDGD>@DQG0DOD\VLD>@&RVWKDVEHHQ LGHQWLILHG
DV WKHPDLQREVWDFOH IRUJUHHQEXLOGLQJ LQ WKH86&RORPELD
DQG 0H[LFR >@ 7KXV DQRWKHU ZD\ WR DWWUDFW LQYHVWRUV IRU
JUHHQ EXLOGLQJ LV E\ HQVXULQJ WKDW JUHHQ SURMHFW FDQ EH
DFKLHYHG ZLWKRXW DGGLWLRQDO FRVW EHWWHU LI DW ORZHU FRVW
+RZHYHU SDVW VWXGLHV KDYH PL[HG ILQGLQJV RQ WKLV DVSHFW
,GHQWLILFDWLRQRI)DFWRUV,QIOXHQFLQJ&RVWVLQ*UHHQ
3URMHFWV
1D]LUDK=DLQXO$ELGLQ1XUXO=DKLUDK0RNKWDU$]L]L
*
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:KLOH VRPH UHVHDUFKHUV KDYH VXSSRUWHG ILQGLQJV WKDW JUHHQ
EXLOGLQJ FRVW FDQ EH FRVW QHXWUDO RU FRVW VDYLQJ RWKHUV KDYH
UHIXWHGWKLVWHVWLPRQ\
&RVW IRU FRQVWUXFWLRQ SURMHFWV FDQ EH GLYLGHG LQWR 
FDWHJRULHV ODQG KDUG DQG VRIW FRVW >@ >@ /DQG FRVWV
FRYHU WKH H[SHQVHV IRU ODQG DFTXLVLWLRQ ZKLFK LQFOXGH ODQG
SXUFKDVHWLWOHWUDQVIHUVLWHFOHDUDQFHDQGRWKHUV/DQGFRVWLV
LQIOXHQFHGE\ IDFWRUV VXFKDV ORFDWLRQ ODQGSULFH OHJDO IHHV
VWDPSGXWLHVDQGODQGWD[EXWQRWE\WKHGHFLVLRQWRJRJUHHQ
+RZHYHUKDUGDQGVRIWFRVWVDUHEHOLHYHGWREHLQIOXHQFHGE\
WKHGHFLVLRQWREHJUHHQ&ROOLHUHWDO>@GHILQHGKDUGFRVWV
DV DFWXDO FRQVWUXFWLRQ FRVWV WR HUHFW D EXLOGLQJ ,W LV D GLUHFW
FRVWWKDWLVUHODWHGWRWKHSK\VLFDODVSHFWRIWKHSURMHFWVXFKDV
DUFKLWHFWXUDOZRUNPHFKDQLFDODQGHOHFWULFDOZRUNVFLYLODQG
VWUXFWXUDOZRUNVDQGRWKHUSK\VLFDOFRQVWUXFWLRQZRUNV>@,W
ZRXOG EH LQ WKH IRUP RI PDWHULDO WHFKQRORJ\ SODQW DQG
HTXLSPHQW ODERXU EXLOGLQJ HOHPHQWV DQGPDQ\ RWKHUV ,W LV
WKHFRVWPRVWO\DIIHFWHGE\WKHGHFLVLRQRIWKHFOLHQWDUFKLWHFW
DQGHQJLQHHUV LQGHVLJQDQGHQJLQHHULQJDVSHFWV ,QFRQWUDVW
VRIW FRVWV DUH FRVW UHODWHG WR QRQSK\VLFDO DVSHFWV RI WKH
FRQVWUXFWLRQ SURMHFW VXFK DV PDQDJHPHQW SODQQLQJ
GRFXPHQWDWLRQ DQGPDUNHWLQJ >@ ,W LV DQ LQGLUHFW FRVWV RU
³RIIVLWH´ FRVWV WKDW DUH QRW GLUHFWO\ UHODWHG WR ODERXU RU
PDWHULDOV IRU FRQVWUXFWLRQ 7KHVH FRVWV LQFOXGH QRQSK\VLFDO
H[SHQVHVDQGLQYROYHDOORWKHUIHHVLQYROYHGLQWKHFRPSOHWLRQ
RI WKH SURMHFW VXFK DV WD[HV LQVXUDQFH IHH VHUYLFHV
PDUNHWLQJHWF<XGHOVRQ>@GHILQHGKDUGFRVWVDVWKRVHFRVWV
IRU FRQVWUXFWLRQ DQG VRIW FRVWV DV WKRVHFRVWV IRUGHVLJQDQG
FHUWLILFDWLRQVHUYLFHV7HFKQLFDOO\VRIWFRVWVLVDQ\RWKHUFRVWV
RWKHUWKDQEXLOGLQJFRVW
:KLOH QXPHURXV UHVHDUFK SDSHUV KDYH GLVFXVVHG WKH LVVXH
RIFRVWRIJUHHQSURMHFWVPDMRULW\RIVWXGLHVKDYHIRFXVHGRQ
WKH KDUG FRVWV VXFK DV FRVW UHODWHG WR JUHHQ WHFKQRORJ\ DQG
PDWHULDOV LH ZKHWKHU FRVW ZLOO LQIODWH RU QRW ZKHQ JUHHQ
IHDWXUHV DUH DGGHG WR PHHW JUHHQ EXLOGLQJ UHTXLUHPHQW >@
>@ >@ %XLOGLQJ DQG &RQVWUXFWLRQ $XWKRULW\ %&$ >@
IRU H[DPSOH VWDWHG WKDW JUHHQEXLOGLQJV DUH H[SHFWHG WR FRVW
DERXW±PRUHXSIURQWGXHWR WKHSXUFKDVHRIQHZDQG
JUHHQWHFKQRORJLHV,VVDHWDO>@VWDWHGWKDWFRVWSUHPLXPRI
PDMRULW\ JUHHQ EXLOGLQJV ZDV RQO\  WR  DV FRPSDUHG WR
WKHLUFRQYHQWLRQDOFRXQWHUSDUWVZKLOH.DWV>@LQGLFDWHGWKDW
FRVWSUHPLXP LV OHVV WKDQ'DYLV/DQJGRQ>@KRZHYHU
LQIRUPHG WKURXJK WKHLU VWXG\ WKDW WKHUH LV QR VLJQLILFDQW
GLIIHUHQFHLQDYHUDJHFRVWVIRUJUHHQEXLOGLQJVDVFRPSDUHGWR
QRQJUHHQ EXLOGLQJV $V FRVW KDV DOZD\V EHHQ WKH OHDGLQJ
FRQFHUQLQJUHHQEXLOGLQJSURMHFWVWKHVHLQFRQVLVWHQWILQGLQJV
PDGHWKHGLVFXVVLRQRIJUHHQEXLOGLQJFRVWPRUHGLIILFXOW
$QRWKHUDVSHFWRIFRVWZKLFKKDVUHFHLYHGOLWWOHDWWHQWLRQLV
VRIW FRVW &RPPRQO\ NQRZQ DV µKLGGHQ¶ FRVW LW UHPDLQV
HOXVLYH LQ LWV FRQWULEXWLRQ WR JUHHQ EXLOGLQJ FRVW LQFUHPHQW
7KHEXON RI DGGLWLRQDO FRVW LQJUHHQEXLOGLQJGRHVQRW FRPH
IURPKDUGFRVWEXWLQVWHDGFRPHVIURPVRIWFRVW>@0RVWRI
WKHVHFRVWVLQFXUUHGLQDGPLQLVWUDWLRQSURFHVVHVZKLFKLQFOXGH
YDULRXVH[SHQVHVWRPDQDJHWKHSURMHFW>@'HVSLWHEHLQJD
FRPSDUDWLYHO\ VPDOOHU SRUWLRQ LQ WKH WRWDO FRVW DPRXQW LWV
DFWXDO YDOXH FDQEH H[SHQVLYH DQGSOD\V D VLJQLILFDQW UROH LQ
WKHGHFLVLRQWREXLOGJUHHQ6RIWFRVWVDUHJHQHUDOO\HVWLPDWHG
DVDSHUFHQWDJHRIWKHWRWDOSURMHFWEXGJHWGXULQJWKHSODQQLQJ
VWDJHV DQG FDQ IOXFWXDWH DV WKH SURMHFW SURJUHVVHV $
VLJQLILFDQWSRUWLRQRIWKHDGGLWLRQDOFRVWVRIJUHHQEXLOGLQJLV
RQ WKH VRIW FRVWV RI GHVLJQ FHUWLILFDWLRQ PRGHOOLQJ DQG
FRQVXOWLQJ >@ $FFRUGLQJ WR 1RUWKEULGJH (QYLURQPHQWDO
0DQDJHPHQW&RQVXOWDQWV >@ VRIW FRVWV DUH DVVRFLDWHGZLWK
DFWLYLWLHV RXWVLGH WKH UDQJH RI FRQVWUXFWLRQ FRVW DQG XVXDOO\
UDQJH EHWZHHQ  WR  LQ DGGLWLRQ WR WKH WRWDO FRQVWUXFWLRQ
FRVWV
7KURXJK OLWHUDWXUH KDUG DQG VRIW FRVW FDQ EH GLYLGHG LQWR
VHYHUDOPDLQHOHPHQWVDVLOOXVWUDWHGLQ)LJ7KURXJKYDULRXV
GHILQLWLRQV >@ >@ >@ KDUG FRVWV FDQ EH GLYLGHG LQWR 
FDWHJRULHV DUFKLWHFWXUDO GHVLJQ EXLOGLQJ VHUYLFHV SODQW DQG
HTXLSPHQW PDWHULDO DQG ODERXU FLYLO DQG VWUXFWXUDO DQG
EXLOGLQJ UHTXLUHPHQW 6RIW FRVWV RQ WKH RWKHU KDQG LQFOXGH
FRQVXOWDQWV¶ IHH WD[ FRPPLVVLRQLQJ FHUWLILFDWLRQPDUNHWLQJ
DQGLQVXUDQFH>@>@+RZHYHUDOOVRIWFRVWVHOHPHQWVFDQ
EH FRQVROLGDWHG WR  PDLQ FDWHJRULHV LH SURIHVVLRQDO
HQJDJHPHQWSURFHGXUHVDQGOHJDOUHTXLUHPHQW>@


)LJ&DWHJRU\RIFRVWVWREHLQIOXHQFHGE\GHFLVLRQWRSXUVXH*UHHQ
3URMHFWV

(DFK RI WKH DVSHFWV VWDWHG LQ )LJ  LV H[SHFWHG WR EH
DIIHFWHG ZLWK WKH LPSOHPHQWDWLRQ RI JUHHQ FRQFHSW LQ WKH
SURMHFW )RU H[DPSOH WKH GHVLJQ SKDVH IRU JUHHQ EXLOGLQJ
XVXDOO\ GHPDQGV DGGLWLRQDO H[HUFLVHV DQG VHUYLFHV IURP WKH
FRQVXOWDQW WHDP SXVKLQJ WKH FRQVXOWDQW IHH WR KLJKHU UDWHV
>@*UHHQEXLOGLQJVDUHH[SHFWHG WRKDYHJUHHQ WHFKQRORJ\
IHDWXUHV LQVWDOOHG LQ WKH EXLOGLQJ WKXV ZKLFK PD\ LQFXU
DGGLWLRQDO FRVW >@ ,Q REWDLQLQJ JUHHQ FHUWLILFDWLRQ DPRUH
FRPSOH[ FRPPLVVLRQLQJ SURFHVV ZLOO EH LQ SODFH ZKLFK
HPERGLHV WKH EXON RI KLGGHQ FRVWV7HFKQLFDOO\ WKH XOWLPDWH
GHFLVLRQ WR JR JUHHQ ZLOO DIIHFW WKHVH FRVWV EXW WKH HIIHFW
RFFXUVEHFDXVHRIFHUWDLQIDFWRUVDVGLVFXVVHGQH[W
B. Factors Influencing Cost in Green Project 
7KH FRPPRQ SHUFHSWLRQ WKDW JUHHQ EXLOGLQJV FRVW
VLJQLILFDQWO\ PRUH WR FRQVWUXFW WKDQ FRQYHQWLRQDO EXLOGLQJV
LQKLELWWKHPRYHWRZDUGVVXVWDLQDELOLW\>@%\XQGHUVWDQGLQJ
ZK\ WKHFRVWGLIIHUHQFHRFFXUV LQLWLDWLYHFDQEHSURPRWHG WR
PLQLPLVH WKH FRVW LQFUHDVH WKXV PDNLQJ JUHHQ SURMHFW PRUH
DWWUDFWLYH7KXV WKH IDFWRUV WKDWZRXOG LQIOXHQFH WKHFRVW IRU
6RIW&RVWV
$UFKLWHFWXUDO
'HVLJQ
%XLOGLQJ
6HUYLFHV
0DWHULDO
DQG
/DERXU
3URIHVVLRQDO
(QJDJHPHQW
3URFHGXUHV
/HJDO
5HTXLUHPHQW
+DUG&RVWV
&LYLODQG
6WUXFWXUDO
3ODQWDQG
(TXLSPHQW
%XLOGLQJ
UHTXLUHPHQW
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JUHHQ EXLOGLQJ DUH EHLQJ VWXGLHG 7KH IDFWRUV ZLOO EH
VXPPDUL]HG LQWR ILYH  PDLQ FDWHJRULHV LH SHRSOH
WHFKQLFDO WHFKQRORJ\ H[WHUQDO VXSSRUW DQG VSHFLILF
UHTXLUHPHQW 7KHVH IDFWRUV FRYHU ERWK SK\VLFDO DQG QRQ
SK\VLFDODVSHFWVRIDSURMHFW
3HRSOH
7KRVHZKRDIIHFWWKHSURMHFWDUHWKRVHWKDWLQYROYHGLQWKH
GHOLYHU\RI WKHSURMHFWDVZHOODQG WKRVHZKRGHWHUPLQHG WKH
SURMHFW FRQWH[W >@ 7KH FRPSHWHQFH FRPPLWPHQW DQG
DWWLWXGHV RI WKH SURIHVVLRQDOV ZLOO VWURQJO\ LQIOXHQFH WKH
TXDOLW\DQGFRVWVRIEXLOW IDFLOLWLHV7KH UROHVDQGVHUYLFHVRI
WKH SURIHVVLRQDOV LV WR SULPDULO\ SODQ GHVLJQ GHOLYHU DQG
PDLQWDLQWKHLQIUDVWUXFWXUHDQGEXLOWHQYLURQPHQW7KLVLVZK\
WKH SURIHVVLRQDOV DUH FRQVLGHUHG DV FULWLFDO SOD\HUV WR FRSH
ZLWK WKH HYHUULVLQJ LVVXHV LQ GHPDQG IRU YLWDOLW\ WR OLYH
ZKLFKWDNHXSDERXWSHUFHQWRIOLIHF\FOHFRVW,QWHUPVRI
RYHUDOOSURMHFWFRVW$]L]LHWDO>@KLJKOLJKWHGWKHIHHIRUWKH
SURIHVVLRQDOLVXVXDOO\WRSHUFHQW)RUJUHHQFRQVWUXFWLRQ
SURIHVVLRQDOV LQYROYH LV H[SHFWHG WR KDYH VRPHWKLQJ H[WUD
7KH\DUHH[SHFWHGWRWDNHDGGLWLRQDOUHVSRQVLELOLW\KDYHJUHHQ
NQRZOHGJHDQGH[SHUWLVHXQGHUVWDQGDERXWHQYLURQPHQWDOULVN
DQGDEOHWRDGYLVHWKHFOLHQWDQGRWKHUSURIHVVLRQDOVRQJUHHQ
PDWWHU >@ :LWK WKLV DGGLWLRQDO H[SHFWDWLRQ WKH FRPPRQ
SHUFHQWDJH RI IHH PD\ QRW DSSO\ DQG QHJRWLDWLRQ ZLOO WDNH
SODFHZKLFKFDQYDU\IURPSURMHFWWRSURMHFW
*UHHQPRYHPHQW VKRXOG WDNH LQWR DFFRXQW WKH FRQFHSW RI
LQWHUUHODWHG ZKROHQHVV RU KROLVWLF VROXWLRQ WRPDNH VXUH WKDW
FRQWULEXWLRQV RI DOO LQWHUGHSHQGHQW SDUWLHV DUH FRQQHFWHG DQG
EHLQJ LQWHUDFWHG EHWZHHQ KXPDQV ZLWK WKHLU VRFLHW\
WHFKQRORJ\ HFRQRP\ DQG UHVRXUFHV +RZHYHU WKH
LQWHUGHSHQGHQF\ EHWZHHQ YDULRXV SDUWLHV LQ WKH FRQVWUXFWLRQ
LQGXVWU\ FDQ EH KLQGHUHG E\ WKH ODFN RI NQRZOHGJH ZKLFK
OHDGV WR VRFLDO DQG EHKDYLRXUDO UHVLVWDQFH >@ /DFN RI
NQRZOHGJHLQJUHHQEXLOGLQJGHVLJQDQGFRQVWUXFWLRQDVZHOO
DV LQVXIILFLHQW QXPEHUV RI FDSDEOH SURIHVVLRQDO JUHHQ
GHVLJQHUVKDVEHHQZLGHO\FLWHGDVRQHRIWKHPDMRUEDUULHUVLQ
JUHHQ EXLOGLQJ LPSOHPHQWDWLRQ >@ >@ >@ $GGLWLRQDOO\
SRRUNQRZOHGJHDERXWJUHHQEXLOGLQJGHVLJQDQGFRQVWUXFWLRQ
OHDGFOLHQWVWRFRQFOXGHWKDWDQ\YDULDWLRQVLQGHVLJQQHFHVVDU\
WR FRPSO\ ZLWK EXLOGLQJ UHJXODWLRQV DUH FDXVHG IURP EHLQJ
JUHHQ>@/DFNRINQRZOHGJHDERXWJUHHQEHQHILWVPDNHVLW
GLIILFXOW WR MXVWLI\ WKHRIWHQKLJKHUXSIURQWFRVWV IRUDJUHHQ
EXLOGLQJ OHDGLQJ WR PLVFRQFHSWLRQV DQG XQFHUWDLQW\ DERXW
JUHHQ GHYHORSPHQW EHLQJ FRPPXQLFDWHG WR WKH LQGXVWU\ DQG
WKXVDIIHFWVWKHPDUNHWGHPDQGIRUJUHHQIHDWXUHV>@%DQG\
HW DO >@ VWDWHG WKDW WKH LJQRUDQFH RI SHRSOH RQ JUHHQ
EXLOGLQJ EHQHILWV UHVXOWV WR D VKRUWIDOO LQ ORFDO H[SHUWLVH
DYDLODELOLW\ LQ JUHHQ GHVLJQ DQG FRQVWUXFWLRQ OHDGLQJ WR WKH
QHHG IRU IRUHLJQ H[SHUWV WR EH LPSRUWHGZKLFK FRQWULEXWH WR
KLJKHUFRVW>@
7HFKQLFDO
6XVWDLQDEOH EXLOGLQJ SURMHFWV DUH LQKHUHQWO\ GLIIHUHQW IURP
WKHLU FRQYHQWLRQDO FRXQWHUSDUWV IURP WKH WHFKQLFDO DQG
WHFKQRORJ\ SHUVSHFWLYH >@ 7HFKQLFDO UHIHU WR
PHWKRGRORJLFDO DVSHFW LQ WKH LPSOHPHQWDWLRQ RI JUHHQ
EXLOGLQJV6WXGLHVKDYHUHSRUWHGWKDWWHFKQLFDODVSHFWVVXFKDV
SURFHVV DQG SURFXUHPHQW LVVXHV DGGLWLRQDO UXOHV DQG
UHJXODWLRQV LQ JUHHQ EXLOGLQJ OLPLWHG DYDLODELOLW\ RI JUHHQ
PDWHULDOVDQGH[SHUWLVHWRPDQDJHWKHPFDQSRVHDSUREOHPLQ
JUHHQ SURMHFW >@ >@ 7KH GLIILFXOWLHV DVVRFLDWHG ZLWK D
PRUH FRPSOH[ WHFKQLFDO UHTXLUHPHQW LQGLFDWLQJ WKH QHHG IRU
WUDLQLQJ WR EXLOGXS VNLOO OHDUQ DQG UHOHDUQ SURFHVV JDLQLQJ
DGGLWLRQDO DSSURYDO VHHNLQJ H[SHUWLVH RXWVLGH WKH FRPIRUW
]RQHHWF7KLVQRQSK\VLFDODFWLRQZLOOLQFXUFRVWWRWKHSDUWLHV
LQYROYHG 6LQFH JUHHQ SURGXFWV KDYH \HW WR EHFRPH
³PDLQVWUHDP´LQWKHFRQVWUXFWLRQLQGXVWU\PXQLFLSDOFRXQFLOV
DQG VDIHW\ GHSDUWPHQWV DUH VFHSWLFDO WR WKHLU XVH >@ 7KH
FRPSOH[LW\ RI DSSURYDOV DQG SHUPLWWLQJ SURFHVV IRU JUHHQ
EXLOGLQJVPD\ DOVR FDXVH GHOD\V DVPDQ\ EXLOGLQJ FRGHV GR
QRW FDWHU IRU QHZ HQYLURQPHQWDOO\ IULHQGO\ V\VWHPV 7KHVH
GHOD\V OHDG WR JUHDWHU ULVNV DQG KLJKHU FRVWV ZKLFK FDXVH
GHYHORSHUVWRKHVLWDWHWREXLOGJUHHQ>@
7HFKQRORJ\
7HFKQRORJ\ UHIHUV WR SURGXFW XVH GXULQJ RU LQ WKH
LPSOHPHQWDWLRQ7HFKQRORJ\FRXOGEHWKHDLGHDGRSWHGGXULQJ
WKHLPSOHPHQWDWLRQDQGDOVRFRXOGEHHPEHGGHGDVSDUWRIWKH
HQGSURGXFW7HFKQRORJ\FDQEHGLYLGHGLQWRKDUGDQGVRIW
WHFKQRORJLHV >@+DUG WHFKQRORJLHVUHODWH WRHTXLSPHQWDQG
PDWHULDOV LQGXVWULDO SURFHVVHV DQG SK\VLFDO LQIUDVWUXFWXUH
VROXWLRQV%&$>@VWDWHGWKDWJUHHQEXLOGLQJVZLOOFRVWDERXW
±PRUHXSIURQWGXHWR WKHSXUFKDVHRIQHZDQGJUHHQ
WHFKQRORJLHV 6RIW WHFKQRORJLHV HQKDQFH WKH FRQVWUXFWLRQ
SURFHVV WKRXJK WKH XVH RI VXLWDEOH V\VWHPV PRGHOV RU WRROV
WKDW VXSSRUW GHFLVLRQ PDNLQJ PRQLWRULQJ DQG HYDOXDWLRQ
DFWLYLWLHV>@$VLJQLILFDQWSRUWLRQRIWKHDGGLWLRQDOFRVWVRI
JUHHQ EXLOGLQJ LV RQ WKH VRIW FRVWV RI GHVLJQ FHUWLILFDWLRQ
PRGHOOLQJDQGFRQVXOWLQJ>@,WLVWKXVYLWDOWRIRFXVRQKRZ
WR PDNH WHFKQRORJ\ KDUG DQG VRIW HDVLO\ DFFHVVLEOH DQG
DYDLODEOH DW WKH FRVW OHYHO DIIRUGDEOH E\ WKH VWDNHKROGHUV
,QVWDOOLQJ JUHHQ WHFKQRORJLHV ZLOO UHTXLUH QHZ IRUP RI
FRPSHWHQFLHVDQGNQRZOHGJHWKXVPRUHFRVW>@
([WHUQDO6XSSRUW
([WHUQDO VXSSRUW FDQ EH LQ WKH IRUP RI JRYHUQPHQW
SURIHVVLRQDO LQVWLWXWLRQ DQG ILQDQFLDO LQVWLWXWLRQ VXSSRUW 7KH
JRYHUQPHQW KDV D PDMRU LQIOXHQFH RYHU WKH GHYHORSPHQW RI
DQ\ LQGXVWU\ %\ LQWURGXFLQJ SROLFLHV DQG UHJXODWLRQV IRU
FRQWUROOLQJ HQYLURQPHQW GHJUDGDWLRQ JRYHUQPHQW ZLOO
VWLPXODWH JUHHQ PRYHPHQW DV DQ\ UHJXODWLRQ VHW E\ WKH
JRYHUQPHQWPXVWEH DELGHE\ WKHFRQVWUXFWLRQ LQGXVWU\ >@
&KDQJHV LPSRVHG E\ WKH JRYHUQPHQW ZLOO EULQJ DERXW
EHKDYLRXUDO VKLIW LQ WKH FRQVWUXFWLRQ VHFWRU EHFDXVH WKH
JRYHUQPHQW LV D UHJXODWRU PDMRU FXVWRPHU DQG LQGXVWU\
VSRQVRU>@)LQDQFLDOLQVWUXPHQWVE\WKHJRYHUQPHQWVXFKDV
LQFHQWLYHV VXEVLGLHV DQG UHEDWHV DUH XVXDOO\ D YROXQWDU\
VFKHPH EXW LW FDQ EH PRWLYDWLRQDO DV LW LQYROYHV PRQHWDU\
VXSSRUWV >@:LWK PRUH PRQHWDU\ VXSSRUW DYDLODEOH LQ WKH
LQGXVWU\ GHYHORSHUV FDQ WDNH DGYDQWDJH WR UHGXFH WKHLU
FRQVWUXFWLRQFRVWV
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7KH VXSSRUW IURP FRQVWUXFWLRQUHODWHG SURIHVVLRQDO ERG\
XVXDOO\ LQ WKH IRUP RI QHZ NQRZOHGJH GLVVHPLQDWLRQ
LQWURGXFWLRQRIQHZJUHHQ WHFKQRORJ\RUV\VWHP LQFHQWLYHLQ
UHVHDUFKDQGGHYHORSPHQWDQGPDQ\PRUH7KH\PD\QRWKDYH
D GLUHFW LPSDFW WR WKH SURMHFW LQ KDQG EXW WKH NQRZOHGJH
DGYDQFHPHQW DQG WUDLQLQJ SURYLGHG ZLOO LQFUHDVH ORFDO
NQRZOHGJHDQGDFFHSWDQFH WRZDUGVJUHHQFRQFHSWDQGZRXOG
LGHDOO\ HQFRXUDJH WKH SURGXFWLRQ RI PDWHULDOV WHFKQRORJ\
V\VWHP HWF WDLORUPDGH IRU ORFDO QHHG &RPSHWLWLRQ ZLOO
LQFUHDVH DQG SURGXFW RU H[SHUWLVH DYDLODEOH ORFDOO\ LV XVXDOO\
FKHDSHU WKDW IRUHLJQ SURGXFWV 7KH PRVW FRPPRQO\ FLWHG
EDUULHU LQ JUHHQ GHYHORSPHQW LPSOHPHQWDWLRQ LV WKH ILQDQFLDO
FRQVWUDLQW RI JUHHQ FRQVWUXFWLRQ >@ )LQDQFH LQVWLWXWLRQ LV
XVXDOO\LQYROYHGZLWKWKHLQGXVWU\LQWHUPVRISURYLGLQJJRRG
ILQDQFLDO VFKHPH IRU EX\HUV DQG FRQVWUXFWLRQ ILUPV 7KH
VXSSRUW IURP ILQDQFH LQVWLWXWLRQ VXFK DV EDQN ZLOO DVVLVW LQ
ILQDQFLQJ WKH SURMHFW >@ +RZHYHU PRUH ORDQV IURP WKH
EDQNZLOOOHDGWRPRUHLQWHUHVWLHDIIHFWWKHEXGJHWDQGFRVW
6SHFLILF5HTXLUHPHQW
*UHHQ SURMHFWV GLIIHU WKDQ WKHLU FRQYHQWLRQDO FRXQWHUSDUW
HVSHFLDOO\ LQ WHUPV RI WHFKQRORJ\ DGRSWHG DQG JUHHQ GHVLJQ
DVSHFWV *UHHQ FRQVWUXFWLRQ SURMHFWV DUH H[SHFWHG WR KDYH
DGGLWLRQDO FRQVWUXFWLRQ SURIHVVLRQDOV LQYROYHG DV WKHUH LV D
QHHG WR IRFXV RQ JUHHQ DVSHFW RI WKH SURMHFWV VXFK DV JUHHQ
EXLOGLQJ IDFLOLWDWRU DQG JUHHQ EXLOGLQJ FHUWLILHU >@ *UHHQ
%XLOGLQJ &RQVXOWDQW LV DQ DGGLWLRQDO PHPEHU WR WKH UHJXODU
FRQVXOWDQW WHDP DQG VKDOO FRQWULEXWH DGGLWLRQDO FRVW >@
*UHHQEXLOGLQJVQHHGWRXQGHUJRULJRURXVDVVHVVPHQWXVLQJD
JUHHQEXLOGLQJUDWLQJWRROLQRUGHUWREHFHUWLILHGJUHHQDQGD
FHUWDLQFHUWLILFDWLRQIHHDSSOLHV7KLVIHHLVFKDUJHGGLIIHUHQWO\
GHSHQGLQJRQ WKH W\SHRISURMHFWVFDOHRISURMHFWDQGUDWLQJ
WRRO >@ *UHHQ EXLOGLQJV DOVR KDYH WR VXEPLW WR D PRUH
FRPSOH[FRPPLVVLRQLQJSURFHVVDVFRPSDUHGWRFRQYHQWLRQDO
EXLOGLQJV ZKLFK HPERGLHV WKH EXON RI VRIW FRVW 7KLV LV WR
DVVXUH WKH JUHHQ WHFKQRORJ\ IHDWXUHV LQVWDOOHG IXQFWLRQ
DFFRUGLQJ WR WKH H[SHFWHG SHUIRUPDQFH >@ ,Q UHODWLRQ WR
GHVLJQ FRVWV JUHHQ EXLOGLQJV XVXDOO\ UHTXLUH H[WUD WLPH DQG
HIIRUWWRWKHGHVLJQDQGVSHFLILFDWLRQSKDVHRIDSURMHFWGXHWR
LQFUHPHQWDO UHTXLUHPHQWVRQDUFKLWHFWV DQGHQJLQHHUV DVZHOO
DV WKH DGGLWLRQDO JUHHQ FRQVXOWDQW0HDQV >@ HVWLPDWHV WKDW
WKHGHVLJQFRVWIRUDJUHHQEXLOGLQJZRXOGFRVWSHUFHQWPRUH
WKDQWKHW\SLFDOGHVLJQFRVWIRUDFRQYHQWLRQDOEXLOGLQJZKLFK
XVXDOO\ UDQJHV IURP  WR  SHUFHQW RI FRQVWUXFWLRQ FRVWV
7KHVH VSHFLILF UHTXLUHPHQWV IRU JUHHQ SURMHFWV DUH DQRWKHU
IDFWRUWKDWZLOOLQIOXHQFHWKHRYHUDOOFRVWRIDSURMHFW
,,, 7+()5$0(:25.
7KLV SDSHU SUHVHQWV WKH IDFWRUV LQIOXHQFLQJ FRVW IRU JUHHQ
FRQVWUXFWLRQ SURMHFWV 7KHVH IDFWRUV ZHUH REWDLQHG IURP
H[WHQVLYH OLWHUDWXUH UHYLHZ ZKLFK KDV EHHQ GLVFXVVHG LQ
VHFWLRQ7KHVHIDFWRUVDUHDUUDQJHGLQWRILYHIRFDOWKHPHV
QDPHO\ SHRSOH WHFKQLFDO WHFKQRORJ\ H[WHUQDO VXSSRUW DQG
VSHFLILFUHTXLUHPHQW(DFKRIWKHVHIDFWRUVFDQKDYHLPSDFWRQ
SURMHFWFRVWHLWKHUGLUHFWO\KDUGFRVWRULQGLUHFWO\VRIWFRVW
)LJ LOOXVWUDWHV WKHSURSRVHGIUDPHZRUNGLVWLQJXLVKLQJHDFK
FRVWLQIOXHQFLQJ IDFWRUZKLOH 7DEOH , HODERUDWHV HDFK IDFWRU
7KHFODVVLILFDWLRQLQGLFDWHVWKDWFRVWIRUJUHHQFRQVWUXFWLRQLV
DIIHFWHGE\PDQ\DVSHFWV$OO IRXUIDFWRUVSHRSOH WHFKQLFDO
WHFKQRORJ\ DQG H[WHUQDO VXSSRUW DUH DOVR DSSOLFDEOH IRU
FRQYHQWLRQDOSURMHFWH[FOXGLQJWKHJUHHQDVSHFW


)LJ&RQFHSWXDOIUDPHZRUNRIFRVWLQIOXHQFLQJIDFWRUV

7$%/(,
6800$5<2)&267,1)/8(1&,1*)$&72562)*5((1352-(&76
3(23/(
&RPSHWHQF\RIWKHSHRSOH >@>@
$WWLWXGHDQGFRPPLWPHQWRIWKHSDUWLHVLQYROYHG >@
)OXFWXDWLRQRIIHH >@>@
*UHHQNQRZOHGJH >@>@>@
$YDLODELOLW\RIORFDOH[SHUWLVH >@>@>@
&OLHQWXQFHUWDLQGHPDQG >@
7(&+1,&$/
3URFHVVDQGSURFXUHPHQWFRPSOH[LW\ >@>@
$GGLWLRQDOUXOHVDQGUHJXODWLRQV >@
7UDLQLQJUHTXLUHPHQW >@>@
&RPSOH[LW\RIDSSURYDODQGSHUPLWSURFHVV >@
7(&+12/2*<
3XUFKDVHRUKLUHRIQHZWHFKQRORJ\ >@>@>@
$SSOLFDWLRQRIQHZV\VWHPPRGHOVRUWRROV >@>@
,QVWDOODWLRQRIJUHHQWHFKQRORJ\ >@
$YDLODELOLW\RIORFDOSURGXFW >@>@>@
(;7(51$/6833257
1HZRUUHYLVHGSROLF\DQGUHJXODWLRQ >@>@
$YDLODELOLW\RILQFHQWLYHVVXEVLGLHVDQGUHEDWHV >@>@
&ROODERUDWLRQRISURIHVVLRQDOLQVWLWXWLRQV >@
2SSRUWXQLW\IRUORDQFKRLFHVIURPILQDQFLDOLQVWLWXWLRQ >@
63(&,),&5(48,5(0(17
$GGLWLRQRIJUHHQFRQVXOWDQWV >@>@>@
*UHHQFHUWLILFDWLRQIHH >@
&RPSOLDQFHZLWKJUHHQDVVHVVPHQWUHTXLUHPHQW >@>@
&RPSOH[LW\RIFRPPLVVLRQLQJSURFHVV >@>@
*UHHQLPSOHPHQWDWLRQSURFHVVGXULQJGHVLJQSKDVH >@

+RZHYHU DV FRQYHQWLRQDO FRQVWUXFWLRQ LV D FRPPRQ
SUDFWLFH VXFK IDFWRUV PD\ QRW KDYH PXFK ZHLJKW WR FRVW
GLIIHUHQFH 1RQHWKHOHVV RQH IDFWRU VSHFLILF UHTXLUHPHQW LV
XQLTXH WR JUHHQ FRQVWUXFWLRQ SURMHFWV RQO\ 7KLV RQH XQLTXH
3HRSOH 7HFKQLFDO
7HFKQRORJ\
([WHUQDO
6XSSRUW
6SHFLILF
5HTXLUHPHQW
&RVW
,QIOXHQFLQJ
)DFWRUV
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IDFWRULVEHOLHYHGWRKDYHFORVHUHODWLRQZLWKRWKHUIDFWRUV)RU
H[DPSOHRQHRIVSHFLILFUHTXLUHPHQWWRREWDLQJUHHQEXLOGLQJ
FHUWLILFDWLRQLVWREXLOGHQHUJ\HIILFLHQWSURGXFW7KLVLVUHODWHG
WRWHFKQRORJ\IDFWRUZKHQQHZWHFKQRORJ\LVDGRSWHGWRFDWHU
IRU WKLV HQHUJ\HIILFLHQW UHTXLUHPHQW )LJ  SURYLGHV EHWWHU
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7KLV VWXG\ LGHQWLILHV D UDQJH RI IDFWRUV LQIOXHQFLQJ ERWK
KDUG DQG VRIW FRVW IRU JUHHQ SURMHFWV EHIRUH SURSRVLQJ D
IUDPHZRUNWRUHSUHVHQW WKHILQGLQJV:KLOHHIIRUWVKDYHEHHQ
PDGH WR H[WUDFW D FRPSOHWH GDWDEDVH RI LQIOXHQFLQJ IDFWRU
XQGHU IRFDO WKHPHV WKH IUDPHZRUN RQO\ UHSRUWV UHDGLO\
DYDLODEOH LQIRUPDWLRQ IURP OLWHUDWXUH DQG ODFNV LQWHUSUHWDWLRQ
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JURXQGIRUWKHQH[WVWDJHRIUHVHDUFK7KXVWRVWUHQJWKHQWKH
XQGHUVWDQGLQJ RI WKH DFWXDO SUDFWLFH ILHOGZRUN ZLOO EH
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DXWKRULWLHVDQGJUHHQEXLOGLQJERDUGVWRWUXO\UHDOL]HWKHDFWXDO
VLWXDWLRQRIJUHHQEXLOGLQJGHYHORSPHQWIURPWKHSHUVSHFWLYH
RILQGXVWU\SUDFWLWLRQHUV
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1XPHURXV VWXGLHV KDYH FLWHG WKH LPSRUWDQFH RI JUHHQ
EXLOGLQJ DV WKH NH\ IDFWRU WR GULYH WKH JUHHQ PRYHPHQW
IRUZDUG+RZHYHUFRVWKDVEHHQLGHQWLILHGDVWKHPDLQKXUGOH
WR WKLVPRYHPHQW<HW WKH WRSLFRI FRVW UHPDLQVHOXVLYHDQG
GHYHORSHUV DUH VNHSWLFDO WKDW FRVW FDQ EH UHGXFHG LQ JUHHQ
GHYHORSPHQW %\ XQGHUVWDQGLQJ ZKDW LQIOXHQFH FRVW DFWLRQ
FDQ EH IRUZDUGHG WR DGGUHVV WKLV SUREOHP DQG XOWLPDWHO\
FKDQJHSHRSOHQHJDWLYHPLQGVHW RQ WKLVPDWWHU7KH UHVHDUFK
SUHVHQWV D WKRURXJK UHYLHZ RI IDFWRUV LQIOXHQFLQJ FRVW IRU
JUHHQSURMHFWVIURPYDULRXVVRXUFHVRIMRXUQDOVDQGSXEOLVKHG
PDWHULDO)LQGLQJVRIWKHUHYLHZLGHQWLI\FRPPRQIDFWRUVFLWHG
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LQGXVWU\SUDFWLWLRQHUV
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860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